Introduction
Due to intense human activity, urban areas have quickly undergone significant transformations. Dense development, quick expansion of transport and industry have led to changes in all elements of the natural environment (disturbances of water regimes, transforming the terrain morphology, microclimatic changes) and increased levels of contamination. Extremely severe changes concerning all elements of the environment, and influencing living organisms, have occurred in the Upper Silesia Region for almost 200 years mostly due to mining activity and industrialisation.
Pollutants emitted into the atmosphere, including heavy metals, accumulate in the soil, from where they penetrate further trophic levels and directly affect living organisms, including algae, fungi and plants (DAVIES ET AL., Within urban areas, plants play an essential role as a so-called filter that purifies the air from pollutants, and for humans they constitute an important line of defence against pollution caused by metal ions introduced into the environment from antrophogenic or geological processes. Some properties of plants, which allow for survival under conditions of contamination with metals, in soils, water or air, constitute a useful and easily accessible tool for environmental monitoring. The usefulness of the vascular plants to assess the state of the environment results from their continuous exposure to contaminants and difficulties with the changing habitat. The only way to survive within inhospitable area is by adaptation to stress associated with the presence of the toxic elements, a shortage of water or excessive salinity. Understanding the mechanisms for the transfer of metals and their concentration in roots, stems and leaves allows for an assessment of the impact of contamination and the degree to which they affect the surroundings. Living organisms are an important addition for the chemical methods of analysis of soil, water or air. The purpose of this urban environment monitoring was to determine the actual impact of anthropogenic pollution sources on the quality of life of the inhabitants. Parks, playgrounds, local squares, allotments and residential gardens, as well as agricultural areas neighbouring large urban centres should be listed among the areas which contamination may prove particularly dangerous for humans and animals, both wild and domesticated.
One of the basic methods of biological monitoring is to use bioindicators based on the observation of individuals or population reactions to particular factors (ŚWIERCZ, 2004; ZIMNY, 2006) . The observations may apply at various levels of organisation -from subcellular to landscape, such as changes in morphology, cellular structure, metabolic-biochemical processes, the degree of accumulation, the behaviour or the structure of a population (MARKERT, 2007; ŚWIERCZ, 2004) . All living organisms exhibit a specific sensitivity to pollutants and their reaction to stress constitutes the sum of the influence of numerous factors (DEĆKOWSKA, 2008; SZCZEPANIAK & BIZIUK, 2003) .
In this study the ability to accumulate toxic elements was used. The main aim of this research was to evaluate the contamination levels of the soils in the city area of Katowice with selected heavy metals (lead, cadmium, zinc) and of the plant life within them, based on one of the more commonly occurring species in our climate zone -the common dandelion Taraxacum officinale Web. There was also an attempt to assess the usefulness of common dandelion as bioindicator species within urban habitats.
Materials, location and methods of research

Study area
The research was conducted within the city of Katowice (Upper Silesia, southern Poland). The area of the city comprises 164.5 km 2 and it is inhabited by 325 thousand people, thereby constituting the tenth biggest urban centre in the country (RAPORT …, 2005) . According to the City Council Act of 29 September 1997 the area of the city has been divided into 22 districts (auxiliary units of the local government), assembled into 5 complexes (UCHWAŁA…, 1997) .
The city presents a full spectrum of land use types, from significant forest areas with nature reserves, through agricultural areas, loose singlefamily home developments, multi-storey residential communities, to the dense development of the downtown area, post-industrial barrens or the areas related to transport infrastructure (WISTUBA & WAGA, 2006) . Due to this, three main types of landscape are visible within the city: urbanindustrial, including the city centre (the northern and north-western parts), suburban-agricultural, where a share of the agricultural lands becomes significant in the south-western part, and the forest area landscape, formed by the complex of the Panewniki and Murcki Forests (FOJCIK & STEBEL, 2001) . The city constitutes an important traffic junction in the region, through which run the main road and railway arteries, connecting Poland to Europe in all directions (RAPORT…, 2005) . Mining activity is conducted within the city (OBJAŚNIENIA …, 2004) .
The leaves of common dandelion T. officinale Web., along with the soil samples, were collected between September and October 2008 from 67 collection points which were randomly chosen and distributed as regularly as possible within the administrative boundaries of the city of Katowice (Fig. 1) . The material has been mainly collected from outside the forest regions, from within the areas of parks, squares and local open spaces, allotments, and barren vegetation areas. The samples from the region of the allotments were collected from outside of the cultivation areas in order to minimise the impact of the chemicals, fertilizers and procedures associated with it.
The leaves of T. officinale were collected from an area of approximately 1-5 m 2 from various individuals, in order to ensure the representativeness of the samples and to minimise the impact of inter-individual variability. The collected material was subsequently placed in paper bags, therefore protecting it against possible decomposition, occurring during a short time in plastic bags (KABATA-PENDIAS, 1998). The soil samples at each point were collected from three places located approximately 1-3 m away from each other from the surface layer of soil (0-10 cm), having previously removed the vegetation cover, and placed in fabric bags. All analyses were conducted in the laboratory of the Department of Ecology (Faculty of Biology and Environmental Protection, University of Silesia in Katowice).
Characteristics of the species
The common dandelion Taraxacum officinale Web. belongs to the aster family Asteraceae. It is a characteristic species for the grassland community of Arrhenatheretalia (NAWARA, 2006) , and is widespread in the temperate climate zone of Eurasia. It occurs commonly on pastures and ruderal habitats (PODBIELKOWSKI,1992; RUTKOWSKA, 1984; TYMARKIEWICZ, 1976) . It exhibits a variability of leaf blade shapes depending on the habitat conditions (BALASOORIYA MÜNKER, 1998; Steward-Wade et al., 2002) . A significant feature that allows for its survival under hard conditions is its ability to reproduce asexually -the plant may regrow from cut roots due to the callus buds (TYMARKIEWICZ, 1976; MOWSZOWICZ, 1986) . It is also characterized by a general tolerance to substances that act toxically, and has a high cumulating capability while lacking the sensitivity to cumulated substances. Despite the fact that the species is commonly considered as a weed, it tends to be cultivated in Western Europe and North America and used for culinary and herbalistic purposes (MOWSZOWICZ, 1983; NAWARA, 2006; PODBIELKOWSKI, 1992; SCHÜTZ ET AL., 2006; TYMARKIEWICZ, 1976) . This species has no high habitat requirements (NAWARA, 2006) and is resistant to drought (RUTKOWSKA, 1984) , which makes it a good candidate to evaluate the degree of contamination within urban ecosystems, in which the water regimes undergo strong variations. In addition, it is a low lawn plant. This feature allows for achieving a more complete picture of the aerial contamination than an analysis of the composition of woody plants. It has also been confirmed that it accumulates more metals than the leaves of woody plant species, especially in the vicinity of transport routes, while remaining tolerant of air contaminants (KRÓLAK, 2003) .
The research materials
The plant material was washed in running water in order to remove the dust pollution and larger particles present on the surface, and then rinsed using distilled water. The leaves were subsequently air-dried, subjected to the process of homogenisation and placed in clean paper bags. They were subsequently dried for 12 hours at a temperature of 105 o C in the KBC-100 Thermal Test Chamber. In order to protect the material against mass changes caused by the absorption of humidity, the samples were placed in a desiccator. Aliquots were prepared from each sample with two replications.
The soil samples were dried in air, sieved through a sieve with a mesh size of 1.0 mm and mixed carefully. The more compact material was fragmented prior to sieving with a porcelain mortar and pestle. Reagent blank samples were also prepared for all the analyses.
Chemical research of the plant material
The so-called "wet" method implemented by BAYCU ET AL. (2006) was used to determine the content of heavy metals in the plant material. The leaves of T. officinale were ground and dried, aliquots (100-200 mg) were prepared in two repetitions. The mineralisation of the organic matter was completed using 4.0 cm 3 of concentrated nitric acid (65% HNO3). The process was initially conducted at room temperature, and then on heating blocks at a temperature of 80-120 o C, until a colourless solution resulted. The process lasted between 7 to 10 days. After the finished mineralisation the solution was filtered through hard filter paper. The Zn, Cd, Pb contents were determined using the Flame Atomic Absorption Spectroscopy method (F-AAS), using a mixture of air and acetylene as the carrier. Due to very low concentration of cadmium in plant material, determination of this element was performed using a graphite furnace (GF-AAS).
2.5. Chemical research of the soil material 50.0 cm 3 of a 10% solution of nitric acid (2N HNO3) was added to conical flasks containing 5.0 g of airdry soil each, the conical flasks were then shaken in a vortex mixer for one hour, in order to enable soluble compounds to penetrate the solution (OSTROWSKA ET AL., 1991). The solution was filtered through hard filter paper. The concentration of heavy metals was determined using the Flame Atomic Absorption Spectroscopy method (F-AAS), using a mixture of air and acetylene as the carrier.
Results
The mean values resulting from the plant material and soil analyses were presented graphically in the form of contamination distribution maps of the city area, prepared using Surfer 6.0 ( Figs. 2A,B, 3A ,B, 4A,B). For the samples collection sites, the type of the habitat was determined and the accumulation coefficient was calculated (Tab. 1).
The mean Pb content of the soil in the examined area equalled 180.7 mg kg -1 , the highest concentration (2050 mg kg -1 ) was observed at point no. 59, located within the SzopieniceBurowiec district in the vicinity of the "Szopienice" Non-Ferrous Metal Smelter area. A similar situation occurred in the case of Zn and Cd. Their concentrations equalled 4118.0 mg kg -1 and 52.93 mg kg -1 respectively. The other point (no. 66) characterised by very high concentrations of heavy metals was located within the Wełnowiec-Józefowiec district next to the spoil tip of what used to be the "Silesia" Zinc Works. The least polluted soils were located within the southern districts: Zarzecze, Podlesie and Kostuchna, where the metal contents were low: Pb -approx. 14.0 mg kg -1 ; Zn -approx. 18.0 mg kg -1 ; Cdapprox. 0.25 mg kg -1 . Of all the examined metals, zinc was present in the highest amount. This is confirmed by the maps which show the distribution of the examined elements in the surface layer of the soil material (Figs. 2A, 3A, 4A). Similar to the soils, the highest accumulation of Pb, Zn and Cd was registered in the plant material originating from the north-eastern part of the city (Figs. 2B, 3B, 4B).
The average lead content in leaves of T. officinale equalled 27.3 µg g -1 of the dry matter. Relatively low accumulations of this metal in the leaves of T. officinale Web. were observed in the central part of the city in the Osiedle PadwerewskiegoMuchowiec district. At point no. 1 the concentration of Pb is as high as 5.5 µg g -1 of the dry matter. The plants which were most highly polluted with lead originated from the Szopienice-Burowiec, as well as Dąbrówka Mała districts.
The average zinc content of the leaves was 182.6 µg g -1 of the dry matter. The highest concentrations of Zn were recorded at point no. 66 in the Wełnowiec-Józefowiec district (approximately 807.0 µg g -1 of the dry matter), the lowest -approx. 72.0 µg g -1 of the dry matter -in Giszowiec at point no. 45. Similar values were obtained from the points 11 (Załęże) and 25 (Brynów). The mean cadmium content in leaves equalled 2.12 µg g -1 of the dry matter. As far as the distribution of Cd goes, three focal points of the occurrence of the highest concentrations are clearly distinguishable in the north-eastern part of the city. The leaves of T. officinale from the Osiedle Paderewskiego-Muchowiec district were the lowest in Cd (point no. 9; 0.10 µg g -1 of the dry matter). The highest concentrations were recorded at points 3 in the Zawodzie district and 66 -the WenowiecJózefowiec district (15.6 µg g -1 of the dry matter).
The accumulation coefficient of the individual metals has been presented in the table (Tab. 1), calculated as the ratio of an element content in leaves to its content in the soil. If the result of this quotient is larger than one it indicates a high degree of metal accumulation (DEĆKOWSKA . A high bioaccumulation of lead was observed only at two collection points, cadmium -at 12, and zinc -at 23. The highest record for zinc at point no. 33 was characterised by an accumulation coefficient higher than 8. At point no. 33 the high bioaccumulation level was also recorded in relation to other elements.
The correlations between the individual elements in the plant and soil samples were calculated using the Pearson correlation coefficient (Tab. 2).
The calculated correlation coefficients exhibited significant positive mutual correlations between the content of individual elements in the soil and between the heavy metals in the leaves of T. officinale. The high concentrations of Zn in the soil correlate with the high concentrations of Pb, Zn and Cd in the leaves. Positive correlations were observed between the elemental content of the soil and their transfer to the aboveground parts of the plant. Moreover, the Zn and Cd concentrations correlate in the dandelion leaves, confirming a direct geochemical relationship between these elements resulting from the presence of Cd in the mineral phases rich in Zn. 
Discussion
Soils and plant life of cities whose historical and contemporary development is strongly associated with metalworking, chemical industry and mining, are highly subjected to the influence of synthetic and natural compounds rich in heavy metals, which can penetrate food chains.
The elements accumulate in organisms and their organs may be used to determine the stress caused by the impact of contaminants (PIERVITTORI & MAFFEI, 2001) . Among the plant organisms that are used most frequently as bioindicators to assess the condition of the environment both by (TRĄBA, 1998) . Juxtaposing those with the values resulting for common dandelion obtained from the area of Katowice, one can conclude that it must not be in any case used to prepare infusions.
Research conducted on soil and T. officinale leaves has shown a significant diversity in the heavy metal concentrations within the city of Katowice. For the highest concentrations of Pb, Zn and Cd a clear, direct relationship with the land use methods has been observed (e.g. vicinity of metalworks and landfills and agricultural areas).
The knowledge of the distribution of contaminants allows for an assessment of the health risk to the inhabitants. This assessment is most frequently based on the existing law standards valid in particular countries. However, the permitted concentrations do not always reflect the actual dangers regarding the health of humans and animals and also to plant life. In the ones currently used there is no information regarding the capability of leaching out particular metals into soil solutions from the natural or synthetic mineral phases in which they are present in the soil. So far there have been no uniform standards of the acceptable concentrations of harmful substances accepted in the world, either for agricultural or for urban areas. The individual countries approve the range limits adjusted to the local geological and climatic conditions and the land use method (PASIECZNA, 2003) , which often span significantly (Tab. 3). Adjusting the acceptable values, which vary depending on the purpose and land use method, allows for adequate utilisation of the area and minimises the health effects of heavy metal impacts. LOMBI ET AL. (1998) have presented a German example, and when the given values were exceeded it indicated the need to monitor a given area, in order to change the way the land was utilised or rehabilitated.
The acceptable concentrations for areas of Poland are defined in The Resolution of the Minister of Environment of 9 September 2002 regarding the soil quality standards and the earth quality standards (ROZPORZĄDZENIE…, 2002) , in which three soil groups have been distinguished and the acceptable concentrations have been defined for each of them (Tab. 3). For protected areas the acceptable standards for Pb, Zn and Cd were not exceeded except in soils collected from several points within the southern and western districts. This research has proved that the collection sites located near the protected areas of Katowice are characterised by heavy metal contents exceeding the above mentioned acceptable concentrations. The most heavily stressed is in the vicinity of the "Las Murckowski" Nature Reserve (among other things, due to the close proximity of the landfill at Bielska St.) and the Szopienice-Borki Nature-Landscape Complex. CIEPAŁ (1999) has examined the heavy metal contents within the selected protected areas of the Silesian voivodeship, including the "Las Murckowski" Nature Reserve in Katowice. He obtained a similar cadmium content (5.0 mg kg -1 ) of the surface soil level, along with the concentrations of zinc (150.0 mg kg -1 ) and lead (90.0 mg kg -1 ). The increased concentrations in the collection sites located in the proximity of the protected areas indicate their potential risk.
The acceptable values of metal concentrations in the upper soil layers for the areas of industry, transport and mining (group C; ROZPORZĄDZENIE…, 2002) were exceeded for lead in 22.4% of the collected samples, for zinc in 8.9% of the samples, and the concentrations of cadmium exceeded the acceptable standards in 2 samples, originating from the areas next to the metalworks waste disposal sites in Szopienice and Wełnowiec. The metal concentrations in the remaining collection sites fall within the range set for the second group -B (ROZPORZĄDZENIE …, 2002) .
The results obtained from the park and square areas near the local neighbourhoods are similar to those obtained from the areas of the neighbouring cities (Siemianowice, Dąbrowa Górnicza, Ruda Śląska, Sosnowiec, Bytom), in which the samples were collected from recreational areas, parks and playgrounds (NIEĆ ET AL., 2013).
Research conducted within the Katowice area revealed high significant positive correlations between the metal content of the soil and the plants have been exhibited for all the examined heavy metals (Tab. 2). In the case of cadmium and zinc those were high correlations, however, for lead the correlation was mediocre. This means that in the case of this research the dandelion reacted quantitatively for the concentration of metals in soil and it may serve to assess the pollution within the city. On the other hand the research of DĄBKOWSKA-NASKRĘT conducted in the Kuyavian-Pomeranian region did not exhibit a statistically significant correlation between the cadmium content of the dandelion leaves and of the soil. ZEIDLER (2005) determined a positive correlation, over twice as weak as the case of Katowice (0.29) , between the zinc content of the leaves and the concentration in the soil in the protected landscape area in the Czech Republic, in which area heavy metals may originate from the neighbouring sewage plant, the flow of polluted air from the industrialised areas and chemical fertilisers. Significant correlations in the Zn and Cd contents in leaves and soil were also determined by WINTER .
The crucial factor in assessing the extent of the plant stress caused by heavy metals is knowledge about the background levels, obtained from research of the exact chemical composition of the plants and determination of the natural ranges of the content of the individual elements -the so-called "fingerprinting of plants" (DJINGOVA ET AL., 2004) . Table 4 presents the content ranges for the examined elements in the leaves of T. officinale considered to be natural and characteristic for the regions of Europe and the United States, including Cd, Zn and Pb. The values resulting for Katowice in most cases exceed the given ranges, which indicate a significant enrichment of plants by heavy metals. The ranges established by the author were not exceeded for cadmium in the case of 49% of the samples, three collection sites, on the other hand, were characterised by contents which were lower than the one proposed. The concentrations of lead exceeded the background values in virtually all the cases, which prove the high enrichment of plants in this metal, probably due to atmospheric deposition, which is indicated by the calculated low accumulation coefficient of this metal from the soil. In 13 samples the zinc content fell within the range that is considered to constitute a natural concentration.
The highest average accumulation coefficient in leaves of T. officinale in the Katowice area was 1.18 for zinc. A value of 1.22 was obtained by ZEIDLER (2005) when examining the Litovelské Pomoraví Protected Landscape area. KARCZEWSKA (2002) , when examining the zinc content in the Wrocław area noticed that the accumulation coefficient of zinc ranged from 0.12 to 1.07. She also proved that under conditions of high Zn content of the soil its absorption by the common dandelion was also high, and its content regarding both the roots and the leaves was well correlated with the total zinc content in the soils. KARCZEWSKA (2002) noticed the lowest bioaccumulation coefficients for the plants from the most heavily polluted soils, and this was also confirmed during this research in the Katowice area. Similar conclusions were reached by KOWOL while examining the roots of the dandelion from southern Poland with regard to their cadmium content when comparing the results obtained from the industrial and recreational areas. This research has resulted in a low value of the accumulation coefficient of Cd in the industrial areas, which may, however, be misleading compared to the coefficient for the samples originating from the less polluted areas. This results from the proportional growth of the cadmium content of the dandelion roots in the industrial areas compared with the content of the soil for that metal, and its disproportionately higher accumulation in the roots in recreational areas (KOWOL . ZIEDLER (2005) achieved the highest accumulation coefficient for cadmium, which was the most highly absorbed element (Cd>Pb>Zn). Zinc was the most heavily accumulated element in Katowice, while the absorption gradient presented itself differently: Zn>Cd>Pb.
High significant positive correlations were demonstrated in the leaves of T. officinale collected in the Katowice area between lead and zinc content, zinc and cadmium content, along with a mediocre correlation for lead and cadmium. In the leaves of common dandelion collected at various distances 
Summary and conclusions
The studies conducted within the city of Katowice showed that soils coming from the northern part of the city were heavily contaminated with Zn, Cd and Pb. The districts which were most heavily polluted with these heavy metals include SzopieniceBurowiec and Wełnowiec. This results from the presence of industrial waste disposal sites within them which still affect the nearby surroundings. Soils with the lowest levels of contamination were recorded within the southern districts, where the agricultural landscape is significant. Only a few samples met the requirements designated in Poland for protected areas. This suggests that such areas should be subjected to particular care leading at least to maintenance of the actual levels of pollution.
Analyzing the results one can notice a clear link between the content of heavy metals in soils examined in this study and the land use. The highest concentrations appeared within industrial areas and fallow lands. Among the least contaminated places were the agricultural areas, squares and lawns near housing estates and parks. Within the area of the city centre (Śródmieście district and neighbouring areas), characterised by compact and dense building and a lack of green space, the contamination levels were generally at an intermediate level.
An analogous situation was noticed in the plant material. Leaves of T. officinale originating from industrialized areas exhibit highest concentrations of heavy metals. Plants obtained from southern, agricultural areas were much less loaded with the examined metals. Nevertheless, the common dandelion from any of the collection points must not be used to prepare infusions. T. officinale leaves were marked by a Pb content higher than values considered as natural background which suggests its noticeable enrichment, probably due to atmospheric deposition. Elements were absorbed according to the following gradient: Zn>Cd>Pb. Research also showed that plants from the most heavily contaminated soils were generally characterised by the lowest bioaccumulation coefficient. Moreover, the high bioaccumulation of the elements e.g. at point 33, where low concentrations of the examined elements were observed, indicates that the dandelion is capable of absorbing significant amounts of heavy metals present in the soil environment. Moreover, it reacts quantitatively to metal concentration, which makes it useful in assessing the pollution in different areas of the city.
Biological monitoring not only serves to examine the condition of the environment, but also provides information about the metal concentrations in the plants which should constitute an important indicator regarding the capability of the soils to leach out metals from the solid phases present into the forms of ionic, metal organic or chelate compounds, from which the heavy metals are easily accessible for the plants. This information may be useful for the assessment of the possible threat to the health and life of humans and other organisms living within the examined area.
To understand the metal transfer mechanisms associated with T. officinale it is necessary to conduct further chemical, biochemical and microscopic analysis, to allow the recognition of the deposition sites and metal concentrations in the above ground and below ground plant organs.
